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The Social Cost of Carbon
The most important number you’ve never heard of

The Social Cost of Carbon (SCC) - the monetary value of the

damages imposed by the release of one additional ton of carbon dioxide.

For every climate change mitigation policy, the SCC is central to
determining whether it is cost-effective.

The SCC enables analysis of policy tradeoffs involving climate change
mitigation.



Greenstone: US Climate Policy in a Global Context

Social Cost of Carbon Timeline

Source: Auffhammer AERE Policy Panel Presentation, 2023
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The SCC in the US Climate Policy

$52/tCO2︸ ︷︷ ︸
2009-2010

Obama Admin.
IWG

→ $1-8/tCO2︸ ︷︷ ︸
2017

Trump Admin.
domestic damages

→ $52/tCO2︸ ︷︷ ︸
Feb 2021

Biden Admin.
“interim” value

→ $190/tCO2︸ ︷︷ ︸
Sep 2022

Biden Admin.
EPA Report

SCC is used to set > 80 regulations with $1 trillion total benefits
(2017)

Trump Admin. used low SCC to roll back environmental regulation

11 states guide policy with SCC (e.g. zero-emission credits in IL, NY)

NY state grid operators have proposed using SCC as an adder in the
wholesale electricity market

Canada, France, Germany, Mexico, Norway, UK all implement SCCs
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Path-breaking IAM Approach is Dated
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Mortality
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Putting it All Together: Social Cost of Carbon
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Original IAM damage assessments

Source: Interagency Working Group on SCC, 2010
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Original IAM damage assessments

RICE model includes 12 regions: US, EU, Japan, Russia, Eurasia, China,
India, Middle East, Africa, Latin America, other higher-income, and other
non-OECD Asia (Nordhaus 2010)
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Original IAM damage assessments

“[M]uch of the research on which [the SCC models] are based is dated...damage
formulations do not in many cases reflect recent advances in the scientific
literature.”

–National Academies of Sciences, Engineering, and Medicine (2017)
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A new era for climate damage estimation

The Climate Impact Lab has developed the
Data-driven Spatial Climate Impact Model (DSCIM) based on the
following Guiding principles: Global climate damage calculations should...

−→ be based on best-available empirical evidence

−→ be based on best-available climate models

−→ be globally representative

−→ account for adaptation and its costs

−→ value uncertainty and unequal impacts
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Modular damage analysis
Mortality — heat and cold deaths (Carleton et al, QJE 2022)

All cause mortality (<5) All cause mortality (>64)

All cause mortality (5-64)

Agriculture — crop yields (Hultgren et al, in review)
Maize Wheat Rice

Soybean Sorghum Cassava

Energy — energy and electricity demand (Rode et al, Nature, 2021)
Electricity consumption Other fuels consumption

Labor — labor supply & disamenity (Rode et al, 2022)
High risk labor Low risk labor

Coastal — sea level rise and storm damages (Depsky et al, in review)
Sea level rise inundation SLR × tropical cyclone surge

...
Integration — valuing marginal damages (Nath et al, 2022)

Intertemporal discounting Valuing inequality

Pricing risk
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A new era for climate damage estimation

Climate Impact Lab: ∼25,000 regions capture subnational inequality of
damages
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Global climate change damages across sectors
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Mortality data coverage

Subnational mortality records covering 55% of the global population

Age-specific annual mortality rates at ∼county level
Carleton et al. (QJE, 2022)
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Quantifying climate damages from mortality

Extreme heat and extreme cold impact mortality rates:

Mortalityait = ga(Temperatureit) + qac(Precipitationit) + αai + δact + ϵait
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Mortality damages vary by climate due to adaptation

Effect day at 35◦C relative to 20◦C for ages 65 and over.
Coefficient calculated for deciles of TMEAN (red shaded area).



Greenstone: US Climate Policy in a Global Context

Mortality damages vary by climate due to adaptation

Effect day at 35◦C relative to 20◦C for ages 65 and over.
Coefficient calculated for deciles of TMEAN (red shaded area).



Greenstone: US Climate Policy in a Global Context

Mortality damages vary by climate due to adaptation

Effect day at 35◦C relative to 20◦C for ages 65 and over.
Coefficient calculated for deciles of TMEAN (red shaded area).



Greenstone: US Climate Policy in a Global Context

Mortality damages vary by climate due to adaptation

Effect day at 35◦C relative to 20◦C for ages 65 and over.
Coefficient calculated for deciles of TMEAN (red shaded area).



Greenstone: US Climate Policy in a Global Context

Mortality damages vary by climate due to adaptation

Effect day at 35◦C relative to 20◦C for ages 65 and over.
Coefficient calculated for deciles of TMEAN (red shaded area).



Greenstone: US Climate Policy in a Global Context

Mortality damages vary by climate due to adaptation

Effect day at 35◦C relative to 20◦C for ages 65 and over.
Coefficient calculated for deciles of TMEAN (red shaded area).



Greenstone: US Climate Policy in a Global Context

Mortality damages vary by climate due to adaptation

Effect day at 35◦C relative to 20◦C for ages 65 and over.
Coefficient calculated for deciles of TMEAN (red shaded area).



Greenstone: US Climate Policy in a Global Context

Mortality damages vary by climate due to adaptation

Effect day at 35◦C relative to 20◦C for ages 65 and over.
Coefficient calculated for deciles of TMEAN (red shaded area).



Greenstone: US Climate Policy in a Global Context

Mortality damages vary by climate due to adaptation

Effect day at 35◦C relative to 20◦C for ages 65 and over.
Coefficient calculated for deciles of TMEAN (red shaded area).



Greenstone: US Climate Policy in a Global Context

Mortality damages vary by climate due to adaptation

Effect day at 35◦C relative to 20◦C for ages 65 and over.
Coefficient calculated for deciles of TMEAN (red shaded area).



Greenstone: US Climate Policy in a Global Context

Mortality damages vary by climate due to adaptation
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Mortality impacts are distributed unequally

∆ Mortality + adapt. costs due to warming; 2099, high-emissions
scenario
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Global climate change damages to mortality
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Current global average mortality rate: 770 deaths per 100,000
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Global climate change damages across sectors
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Energy data coverage
International Energy Agency (IEA) provides energy consumption data from
146 countries (1971 - 2012)
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Quantifying climate damages from electricity
consumption
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Quantifying climate damages from electricity
consumption
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Quantifying climate damages from electricity
consumption

Electricity

Impact of climate change on consumption in 2099 (GJ per capita) 

−3 −2 −1 0 1 2 3

0

5

10

15

EJ

USA

+2%

0

5

EJ

India

+113%

2099 ∆ from warming
Current consumption



Greenstone: US Climate Policy in a Global Context

New Approach Allows Measuring Impact for Each
Sector
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A new era for climate damage estimation
Climate Impact Lab: ∼25,000 regions capture subnational inequality of
damages
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Multiple sources of uncertainty in climate change
impacts

RCP-8.5

RCP-4.5

Additional sources of uncertainty: emissions, socioeconomic scenarios,
technological change
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Multiple sources of uncertainty in climate change
impacts

Age: 65+

Additional sources of uncertainty: emissions and socioeconomic scenarios
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Calculating a Social Cost of Carbon
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Empirically founded SCCs vs Original IAM Approach

Original IAM
Approach DSCIM

Empirically-based damage functions X
Subnational heterogeneity X
Uncertainty valuation X
Endogenous discounting X
Sectoral/regional interactions ? X
Complete set of sectors ? X

Social cost of carbon $51 $189

DSCIM estimates include: mortality, electricity, heating fuels, agriculture, labor disutility,
coastal damages
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Breakdown of Economic Damages

How costly are damages to rich versus poor regions?

Income Groups Population SCC Contribution Damages in 2099
billions USD %of Region’s 2099 GDP

OECD 1.4 -$11.3 1.5%
Rest of World 5.8 $186.2 8.0%
Low Income 0.7 $14.1 12.0%

Total 7.9 189 6.4

Population shares: OECD (17%) Low Income (9%) RoW (74%)
Income groups are defined using 2021 data.
Scenario: RCP8.5 & SSP3
Source: World Bank (2022) and CIL
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Monetary damages from current emissions

Total CO2 emissions since 1790: 1.96 trillion

How costly are current annual emissions?

DSCIM Social Cost of Carbon: $189

Annual CO2 Emissions Economic damages
Excluding LUCF, Mt billions of USD

China 11,472 $2,168
USA 5,007 $946
European Union 2,793 $528
India 2,709 $512

World 37,124 $7,016
Source: World Bank (2021)
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Identifying cost-effective climate policy actions

 Low     High

Abatement Cost ($ per ton of CO
2
, 2020 USD)

Reforestation

Agricultural Emissions Policies

Livestock Management Policies

Renewable Portfolio Standards

Clean Power Plan

Renewable Fuel Subsidies

CAFE Standards

Cash for Clunkers

Weatherization Assistance Program

Methane Flaring Reduction

Reduced Federal Coal Leasing

Direct Air Capture
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$51 SCC $189 SCC

Wind Energy Subsidies

Build Back Better Tax Incentives

Source: EPIC analysis with data from Gillingham and Stock (2018)
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